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^ the agent the common representative 
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I S Basis of the report 



Lack of unity of invention 
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citations and explanations suporting such statement ^«upmy, 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/01 747 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office m response to an invitation under Article 14 are referred to in this report as^^^^^^^^ 

D^scTptt^^^^^^ 



1-26 



as originally filed 



Claims, No.: 

1-37 



as received on 



07/03/2001 with letter of 



07/03/2001 



Drawings, sheets: 

''/4-4/4 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authoritv in the 
language in wh.ch the mtemational application was filed, unless othenA^ise indicated under th^^item 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)) 

° Ts'S/or 55.3' international preliminary examination (under Rule 

^' !!!l^nTn^''' ^7 ""<='eo«ide and/or amino acid sequence disclosed in the international application the 
international preliminary examination was carried out on the basis of the sequence listing ^P^''^^'^"' 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosurp in 
the mtemational application as filed has been furnished. disclosure in 

° -'^^'"^ t° the written secuence 

4. The amendments have resulted in the cancellation of: 

□ the description, pages; 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

wT'^''^'"^"^ ^^^^^ ^^onfa/n/hp such amendments must be referred to under item 1 and annexed to this 

6. Additional observations, if necessary: 

IV. Lack off unity off invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 
H paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68. 1 . not to invite the applicant to restrict or pay additional fees. ^^"ruing lo nuie 

3. This Authority considers that the requirement of unity of Invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

H not complied with for the following reasons: 
see separate sheet 

^ all parts. 

□ the parts relating to claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty. Inventive step or industrial applicabilitv 
citations and explanations supporting such statement <naustriai applicability. 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1-37 

Inventive step (IS) Yes: Claims 

No: Claims 1-37 
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Industrial applicability (lA) Yes: Claims 1-37 

No: Claims 



2. Citations and explanations 
see separate sheet 



Vlll. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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SECTION IV: UNITY 

The claimed subject-matter does not comply with the requirement of unity of 
Invention (Rules 13.1, 13.2 and 13.3 PCT). 

The terms "for use in a method for assaying an ore sample according to" 

within the wording of claims 1 6-23 (device) and claims 26-37 (product) do not 
constitute "special technical features" in the sense of Rule 13.2 PCT (see in 
particular lines 4-6 of Rule 13.2 PCT) since they merely Indicate that the device 
or product can be used for a particular purpose (not exicuding any othe method 
or use). The cited terms cannot, therefore, be considered as the basis for 
a single general inventive concept. 

The following groups of inventions are present in the international application: 

1. first group: claims 1-15 (method for assaying ores containing the steps cited). 

2. second group: claims 16-23 (receptacle). 

3. third group: claims 24-25 (method for separating molten lead from slag) 

4. fourth group: claims 26-30 (flux composition). 

5. fifth group: claims 31-37 (a sealed container). 

SECTION V: 

The subject-matter of the first to fifth groups of inventions does not meet the 
novelty requirements of Article 33(2) PCT: 

V.I In this regard the attention of the applicant is drawn to the fact that terms like 
"for assaying an ore sample to determine the concentration of selected metals 
therein" in the wording of claim 1 does not add to the claimed process any step 
different from those explicitly cited in the claim namely combining ore and flux, 
heating (inductively) to fusion of slag and lead and separating lead from slag. 
D1=US-A-5 849 649 discloses (see col. 1, line 18 and col. 2, lines 41-49 as well 
as col. 5. lines 31-35) a glass flux composition containing aluminium oxides, 
magnesium oxides, zirconium oxide and other oxides of metals, which can be 
considered ores since they also naturally occur as minerals, and lead oxide 
mixed together. This is a glass flux composition to be used as enamel for 
application to ceramic ware, induction ovens being the most used type of 
ov n for glass production and slags always separating from molten metals 
at the oven exit, it is therefore straightfonA/ard that a process such as that 
defined in D1 is prejudicial for the novelty of process claims 1 to15. 
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V.2 The terms " for use in fire assaying of ore samples" in the wording of claim 
26 do not add to the claimed product anything over the composition explicitly 
disclosed. Nothing apart from the explicitly cited chemical compounds cited 
(namely sodium hydroxide) Is present in the wording of the claimed product. 
Without citing any document, It is evident that claims 26 and 27 are not novel 
since it is evident that compositions containing exclusively sodium hydroxide or 
sodium hydroxide aqueous solutions containing amounts ranging from 20-60% 
by weight were known before the filing date of the present application. 
In the absence of at least one differentiating technical feature present in the 
wording of the product independent claim, the novelty of the product claims 26 
to 30 cannot be acknowledged. 

V.3 The disclosure of document D2= WO-A-96/41 161 (see figure 1) clearly 
concerns a receptacle with a collecting cavity (40,42) and a spout(1 8). Of course 
the walls of the collecting cavity act as a barrier between the collecting cavity 
and the opening of the receptacle. The cited document is prejudicial for the 
novelty of at least claims 16 to 25. 

In the same way D3=GB-A-2 289 758 (see figure 3, items 18,22,20 and page 3, 
line 10-page 4, line 8) Is also prejudicial for the novelty of at least claims 16 to 
25. 

V.4 The disclosure of D4=US-A-3 751 965 (see figures 1 to 3. In particular Items 
2. 5a and 1 as well as corresponding parts of the description) is prejudicial for 
the novelty of claims 31-37. 

V.5 INVENTIVE STEP 

None of the technical features of the dependent claims of all the groups of 
inventions (see use of carbon based plastic container Identified by a bar code 
of claims 6 to 8 and its Identification via a scanner of claims 14-15; graphite or 
zirconium melting pots of claims 10-11) nor anv othe r technical fr^afr^ 
disclosed in the description seems to solve a technical problem which could 
not have been solved by the normal procedures of the prior art. On the contrary 
they seem to concem merely well known features therefrom and therefore 
cannot be considered Inventive. 
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In the absence of at least one differ>.nti« tino technical feature prc.s^nt in 
the wording of the process and Brodur^t claims. whi,.h is resoonsihio f»r 
the solution of a technical problem whir h could n»t hay e been sniv^H Ky 
the technical features of the prior art mi t» D 4). the inventive steo of th^ 
claimed subject matter according t o Article n^a) PCT nannnf 
acknowledged since differentiating tP chnical features not solving ^ 
technical problem can be considered » b vious moriifirgtions of th^ nr i»r 
art. 

SECTION VIII: 

The presence of two Independent process (method) claims each of them 
concerning completely different technical features (claim 1 concerns the addition 
of a flux composition containing any amount of lead whereas claim 24 concerns 
the separation of a slag using a receptacle with a cavity and a product claim 26 
concerning flux compositions comprising exclusively sodium hydroxide and two 
device claims (claim 16 concerns a receptacle with collecting cavity and claim 
31 concerns a sealed container) does not allow third parties to know which of the 
technical features are essential for the invention to be performed and which 
other are merely optional features. Therefore, the claimed subject-matter of 
claims 1 , 24 and 26 and that of claims 16 and 31 are in breach with the clarity 
requirements of Article 6 PCT. 

All the independent process, product and device claims should concem exactly 
the same technical features. Failure to meet that request the clarity of the 
claimed subject-matter cannot be acknowledged (Article 6 PCT). 
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CLAIMS 



1. A method for assaying an ore sample to detomine the concentration of 
selected metals theron, compdsing the steps of: 

combining the prepared ore sanqile with a lead-containiiig flux in a 
receptacle; 

inductively heating the combination to form a fusion of slag and lead 
containine the metals in the sample; and 



separating the lead from the slag. 

2. Tlie method according to claim 1 wherein the combination is heated at a 
predetermined temperature profile. 

3- The method according to daim 2 wherein the predetennined reference 
temperature profile is detennined by the characteristics and amount of the 
ore sample and/or the flux. 

4. The method according to claim 3 wherein the saiiq>le is supplied with a 
high level of heat for a predetermined first period of time and then suppUed 
with a lower level of heat for a predetermined second period of time to fcnn 
the fusion of slag and lead. 

5. The method according to any one of the preceding claims wherein the 
sample of ore and flux are combined in a container made fr m carbon-based 
material, and the container, the sample and the flux are inductively heated. 
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6. The method according to claim 5 vjher&n the container is made from 
plastics material and comprises a Hd which is arranged to close the container 
sealingly. 

7. The method according to claim 5 or 6 herein the container inchides 
identification means for idcntifidng the sample contained therein. 

8. The method according to claim 7 yivhmm the identification means is a 
barcode. 



9. A method according to any one of the preceding claims wherein the fhix 
contains sodium hydroxide. 

10. The method according to any one of the preceding claims wherein the 
sample is heated inductively within a graphite ffieltia&^ [receptacle] in an 
induction fiirnace. 

11. Uie method according to any one of tbe preceding claims wherein the 
sanqde is heated inductively within a arconium mdtine not [reccptade] in 

an induction fiimace. 

12. The method according to any one of the preceding claims whaea 
molten lead separated from the slag is poured mto a chilled mould, to 
provide a solid lead button. 

13. A method according to daim S inchiding the steps of storing 
infimnation on each sample on a central database^ providing each container 
imo which the sample is poured with a unique identification means. 
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identifying each container before inserting it into the induction furnace, 
correlating the identity of the container and information on the central 
database, and applying a predetermined reference temperature profile to the 
sanq>le. according to the information on the san^e stored in the database. 

14. A method according to claim 13 wherein the identification means is a 
bar code and the bar code is identified -with a scanner. 

15. A method according to any one of the preceding claims wherein each 
— soHdieadinttt on is jtamp!edjBd.than.identificattoiijCflde. _ 

16. A receptacle fer use in a method for assaying an ore sample according to 
daim 1, the receptacle comprising a base with a side wall extending from the 
base, the side wall defining a top opening imo the receptacle, and the side 
wall having a collecting cavity, wherein the collecthig cavity is sized to 
collect a predetermined amount of molten lead. 

17. A receptacle for use in a method for assaying an ore sample according to 
claim 16 wherein the coDectrng cavity is located proximate the top opening 
of the receptacle. 

18. A receptacle for use in a method for assaying an ore sample according to 
daim 16 or 17 ,rfierein barrier means is provided between the collecting 
cavity and the opening of the receptacle, to trap molten lead in the coHecting 
cavity. 

19. A receptade for use in a method for assaying an ore sample according to 
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any one of claims 16 to 18 wherem the coUectbg cavity is fonned within a 
removable plug which is attadiable to the side waU of the receptacle. 

20. A receptacle for use in a method for assaying an ore sample accordmg to 

any one of claims 16 to 19 including a first spout located at the top opciiing. 
above the collecting cavity. 

21 . A receptacle for use in a method for assaying an ore sample accoiding to 
claim 20 incbding a second spout located at the top opening, diametrically 



22. A receptacle for use in a method for assaying an ore sample according to 
any one of claims 16 to 21 wherein the receptacle is also a mehiqg pot for 
an induction iumace. 

23 A receptacle for use in a method for assaying an ore sample aocordins to 
any one of claims 16 to 22 made from graphite. 

24. A method for separating molten lead from slag, in the receptacle of 
claim 16, the method mchiding the steps of: 

1. i^t^oduci^g a slag with a predetermined amount of molten 
lead therein into the receptacle; 



2. 



rotating the receptacle in a first direction toward the 
coUecting cavity so that the mohen lead fills and is retained 
within the cavity, rotating the receptacle flirther so that the 
slag is discharged from the pening to the receptacle; 
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3. rotating the recqrtade so that the molten lead flows out of 
the opening to the receptacle; and 

4. collecting the lead discharged from the opening of the 
receptacle. 

i 5. A method according to claim 24 wherein the receptacle is a meltmg pot 
surrounded by an electromagnetic coil and the electromagnetic coil is 
rotated together with the mehing pot. 



26. A flux composition for use in a method for assaying an ore sample 
according to daim 1, the flux composition containing sodium hydroxide. 

2r A flux composition for use in a method for assaying an ore sample 
according to daim 26, comprising 20% to 6O0/0. by weight, sodhmi 
hydroxide. 

28. A flux composition for a method for assaying an ore sample according 
to any one of claims 26 to 27 fiirther comprising: 

20% to 60%. by wdgjtt. lead oxide; and 
20% to 60%. by weifiiit, borax. 

29. A flux composition for use in a method for assaying an ore sample 
according to claim 27 comprising 20% to 50%, by weigbt sodium 
hydroxide, 25% to 40% lead oxide and 25% to 40% borax. 

30. A flux composition for use in a method for assaying an ore sample 
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accorcfiiig to any one of claims 26 to 29 fbrther mduding silver nitrate. 

31. A sealed container, for use in a method &r assaying in an ore sample 
according to daim 5. the sealed container made ftom a caiWbased 

sodium caibonate. 

32. A sealed container for use in a method for assaying an ore sample 
according to daim 31 including a replaceable Ud. 



33. A sealed container for use in a methnA for assavin p an ore samnle 
according to daim 3 1 or 32 made from a combustible material. 

34. A sealed container for use in a method for assaying an ore sample 
according to daim 33 made from a plastics material. 

35. A sealed container for use in a method for assaying an ore sample 

according to daim 34 made from a mixture of plastics material and a flux 

material. 

36. A sealed container for use in a method for assaying an ore sample 
according to daim 35 wherein the flux material is caldum carbonate. 

37. A [sealed container for use in a method for assaying an ore sample 
according to clann 36. the mixture including 60 to sy/o, by ^t, caldum 

caibonate. 
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International application No. 


International filing date (day/mor^h/year) 


(Earliest) Priority Date (day/month/year) 
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29/10/1998 


Applicant 
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This International Search Report has been prepared by this IntemationaJ Searching Authority and ts transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 



.sheets. 



This International Search Report consists of a total of 4 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the intemationaJ search was carried out on the basts of the intemationsd application in the 
language in which it was filed, unless otherwise indicated under this Hem. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b))- 

b. With regard to any nucleoUde and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

[ ~] contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority In written form. 

I I furnished subsequently to this Authority in computer readble form. 

I I the statement that the subsequently furnished written sequence listing does not go t>eyond the disclosure in the 
International application as filed has been furnished. 

□ 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
^furnished 

2. Q Certain claims were found unsearchable (See Box I). 

3. [X] Unity of Invention Is lacking (see Box II). 



4. With regard to the title, 

Pn the text is approved as sutxnitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstrac:t, 

Pn the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b), t>y this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this intemational search report, submit comrnents to this Authority. 

6. The figure of the drawings to be published with the atDstract is Figure No. 3 

|X| as suggested by the applicant. Q None of the figures. 

I I because the applicant failed to suggest a figure. 

I I tiecause this figure tetter characterizes the invention. 
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Minimum documentation searched (classification system followed by classification symbols) 
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Electronic data base consulted during the international search (name of data b ase and. where practical, search terms used) 
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Citation of document, with indication, where appropriate, of the relevant 
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19 February 1974 (1974-02-19) 
abstract 
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US 4 799 999 A (MEDVINSKY ET AL.) 
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abstract 
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figure 3 
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figure 2 
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Which ts cited to establish the publication date of aiiother 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

■P' document published prior to the intematlonaJ filing date but 
later than the priority date claimed 
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ASSAYING 

uArKr:ROUN n of the invention 

This invention relates to assaying. 

In order to plan and manage mining operations and to estimate recoverable 
ore reserves it is necessary to have the facility to determine the 
concentration in ore samples of precious metals, typically gold and PGMs 
(platinum group metals including platinum, palladium, rhodium, osmium, 
indium and ruthenium). It is already known to use a fire assay process for 
this purpose. In fire assay, PGMs and gold are separated from gangue 
materials by collection into either lead or nickel sulphide at temperatures of 
around 1200 - I450°C. This is achieved by mixing an aliquot of the sample 
with a flux containing either lead oxide, for the lead collection, or a 
combination of nickel carbonate and sulphur, for the nickel sulphide, with 
other chemicals. A flux containing lead oxide which has been found to work 
satisfactorily in the conventional fire assay method consists of calcium 
carbonate, lead oxide, borax and silica, and a carbon source such as 
activated carbon, maize meal or flour. This mixture is placed into a ceramic 
crucible, which in turn is placed into an electric or gas fired fiimace and 
heated to an appropriate temperature for a period of about 90 minutes. 
During this time the mixture melts and, because their chemical affinity, 
PGMs and gold are collected into either lead or nickel sulphide. On cooling 
the lead or nickel sulphide is separated from the gangue material and the 
PGMs and gold content determined by a number of analytical techniques. 



CONFIRMATION COPY 
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The advantage of Fire Assay collection over other analytical procedures is 
that it effectively concentrates PGMs and gold from a large sample aliquot 
into a media which is much more amenable to farther treatment for the 
separation and analysis of the PGMs and gold. Fire Assay is, therefore, 
used extensively in all laboratories engaged in die analysis of samples 
containing precious metals and, indeed, is an essential stage in the analysis 
of lower grade samples such as concentrates, feeds and tails. 

In electrically heated: furnaces, radiant heat from resistive elements is 
applied to the prepared ore samples. It is difficult to maintain constant 
operating conditions in an electrical furnace. Furthermore, resistive 
elements are fragile and deteriorate over time. Tliis variability in furnace 
conditions detrimentally affects the accuracy of assay results and gives rise 
to excessive repeat rates. 

Gas fired frimaces on the other hand are noisy and require frequent 
maintenance, which lengthens the average time taken to complete an assay. 

The flux used in assaying contains lead and is environmentally hazardous, 
either in dust form during the flux preparation stage, or as fumes which form 
during the fusion and cuppelation stages of the process. Personnel involved 
in the assaying process require monitoring of lead blood levels every six 
months, which is expensive and disconcerting to the persons involved. 

The fusion pots used for fusion of the flux / ore sample combinations are 
brittle and break easily. In order to overcome this difficulty, each assay is 
duplicated or triplicated, to ensure that at least one successful assay result is 
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tibtained, which increases the overall assaying costs. Furtlier, the duplicated 
or triplicated samples are fused in different furnaces in order to compensate 
lor the variability in furnace conditions. 

The recovery of lead from the fusion slag is also hazardous as the slag is 
broken up, usually manually, by impact to liberate globules of lead 
entrapped in the slag. Slivers of slag are sharp and necessitate the wearing 
of adequate safety equipment. Generally, not all lead globules are usually 
liberated from tlie slag, leading to an inevitable loss of lead. 

Current assay tecliniques are labour intensive and, therefore, prone to human 
error. The average time taken to complete an assay normally exceeds 
twelve hours. It is desired to improve the accuracy, the turnaround time and 
tlie safety aspects of known prior art assaying techniques. 

SUMMARY OF nWENTTON 

According to a first aspect of the invention there is provided a method for 
assaying an ore sample to determine the concentration of selected metals 
therein, comprising the steps of: 

preparing an ore sample; 

combining the prepared ore sample with a lead-containing flux; 

inductively heating the combination typically at a predetermined 
reference temperature profile to form a fusion of slag and lead 
containing the metals in the sample; 
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separating the lead fi-om the slag; and 

determining the concentration of the selected metals in the sample. 

The predetermined reference temperature profile is determined by the 
characteristics and ajTiount of the ore sample and/or the flux. 

The sample may be supplied with a constant temperature profile, or it may 
be supplied with a varied temperature profile. For example, the sample is 
supplied witli a high level of heat for a predetermined first period of time 
and then supplied with a lower level of heat for a predetermined second 
period of time to form the fusion of slag and lead. 

The sample of ore and flux is preferably mixed in a container made from 
carbon-based material, and the container is inductively heated together with 
the sample and flux. 

Preferably, the container is made from plastics material and comprises a lid 
which is arranged to close the container sealingly. 

The container may also comprise identification mccins in the form of a bar 
code for identifying the sample contained therein. 

Advantageously, the flux contains sodium hydroxide. 

The sample is preferably heated inductively within a graphite or more 
preierably within a zirconium melting pot in an induction furnace. 
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Advantageously, molten lead separated from the slag is poured into a chilled 
mould, to provide a solid lead button. 

The solid lead button may then be analyzed by way of spark analysis or 
laser ablation. 

According to a second aspect of the invention there is provided a method as 
described above including the steps of storing information on each sample 
on a central database, providing each bottle into which the sample is poured 
\vith a unique identification means such as a bar code identifying each 
bottle, for example by scanning, before inserting it into tlie induction 
furnace, correlating the identity of the bottle and information on the central 
database, and applying a predetermined reference temperature profile to the 
sample, according to the information on the sample stored in the database. 

Preferably, each lead button is stamped with an identification code. 

According to a third aspect of the invention there is provided a receptacle 
for separating molten lead from slag, the receptacle comprising a base with a 
side wall extending from the base, the side wall defining a top opening into 
the receptacle, and the side wall having a collecting cavity, wherein the 
collecting cavity is sized to collect a predetermined amount of molten lead. 

Advantageously, the collecting cavity is located proximate the top opening 
(if the receptacle- 

Preferably, barrier means is provided between the collecting cavity and the 
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opening of the receptacle, to trap molten lead in the collecting cavity. 

'I1ie collecting cavity is preferabl)' formed within a removable plug which is 
iiliachable to the side wall of the receptacle. 

Advantageously, the receptacle includes a first spout located at the top 
opening, above the collecting cavity. 

The receptacle preferably includes a second spout located at the top opening, 
diametrically opposed to the first spout. 

Advantageously, the receptacle is also a melting pot for an induction 
furnace. 

The receptacle is preferably made from graphite, more preferably zirconium. 

According to a fourth aspect of the invention there is provided a method for 
separating molten lead from slag, in the receptacle described above, the 
method including the steps of: 

1. introducing a slag with a predetermined amount of molten 



lead therein into the receptacle; 



9 



rotating the receptacle in a first direction toward the 
collecting cavity so that the molten lead fills and is retained 
within the cavity, rotating the receptacle further so that the 
slag is discharged from the opening to the receptacle; 
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rotating the receptacle so that the molten lead flows out of the 
cavit>' and is discharged out of the opening to the receptacle, 
for example, by rotating the receptacle in a second direction, 
opposite to the first direction; and 



collecting the lead discharged from the opening of the 
receptacle. 



Advantageously, the receptacle is a melting pot surrounded by an 
electromagnetic coil and the electromagnetic coil is rotated together with the 
melting pot 

According to a fifth aspect of the invention there is provided a flux 
composition for use in fire assaying of ore samples, the composition 
containing sodium hydroxide. 

Preferably, the flux composition comprises 20% to 60%, more preferably 
25% to 40%, by weight, sodium hydroxide. 

The composition may further comprise: 

20% to 60%, preferably 25% to 40%, by weight, lead oxide; and 
20% to 60%, preferably 25% to 40%, by weight, borax. 

Advantageously, the composition may also comprise silver nitrate. 

According to a sixth aspect of the invention, there is provided a sealed 
container, made from a carbon-based material, containing a charge of flux 
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composition as described above for the fire assay of a sample of ore. 
Preferably, the container includes a replaceable lid. 

Typically, the container is made from a combustible material, such as a 
plastics material. 

Advantageously, the container is made from a mixture of plastics material 
and a flux material, such as calcium carbonate. 

Typically, the container is made from a mixture of 60 to 80%, by weight, 
calcium carbonate and 40 to 20%, by v/eight, plastics material. 

BRIEF DESCRIPTION OF THK DRAWTNGS 

The invention v^ll now be described in more detail, by way of example only, 
with reference to the accompanying drawings in which Figures 1 to 7 illustrate 
embodiments of the invention. 

Figure 1 is a schematic flow diagram of a process according to the 
invention for assaying an ore sample to determine the 
concentration of selected metals therein; 

Figure 2 is a pictorial view of a bottle containing flux; 

Figure 3 is a schematic top plan view of an apparatus according to the 
invention for carrying out the process of Figure 1; 
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Figure 4 is a cross-sectional view of an induction furnace according to 
the invention; 

Figure 5 is a pictorial view of a preferred melting pot according to the 
invention; 

Figure 6 is a cross-sectional view of the melting pot shown in Figure 
5, along the line 6-6; and 

Figure 7 is a cross-sectional view of the induction furnace shown in 
Figure 4, shown in two positions in which matter is 
discharged from the furnace. 

DESCRIPTION OF AN FMBODTMENT 

Referring to Figure 1, according to the invention there is provided a method 
of assaying an ore sample, the method including the steps of preparing an 
ore sample 10, mixing the ore sample 10 with a flux 12 which includes lead 
oxide, to form a mixture 14, inductively heating the mixture 14 to form a 
fusion of slag 16 and lead 1 8 containing gold and PGMs, separating the lead 
18 from the slag 16 and determining the amount of gold and PGMs in the 
lead. 

in the sample preparation step, an ore sample is logged and its bulk weight 
determined. The ore sample is then dried, comminuted and sieved and split 
into a number of aliquots which are deposited into storage containers in the 
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form of small plastic bottles, each of which already contains a flux. 

Information on the sample, such as weight, type etc is entered onto a 
computer and identification means in the form of a bar code label is 
]:)roduced for each sample. The unused portion of the ore sample is sealed in 
a storage container and identified by means of a bar code label indicating 
identification, origin and date of assay. 

A typical bottle 20 into which an aliquot ore sample is placed is shown in 
Figure 2. The bottle 20 is made from a plastics material (polypropylene) 
and has a lid 22 (made from polyethylene) which engages sealingly with the 
opening into the bottle 20. A charge of flux 26 is shown in the bottle 20. A 
cliarge of flux is a sufficient amount of a particular composition of flux for 
carrying out the fire assay of an aliquot of a particular ore sample. Each 
bottle 20 is identified by identification means in the form of a printed bar 
code label 28 indicative of sample identification and weight, which is 
attached to the top surface of the lid 22. The bottle is also provided with a 
ridge 30 just below the lid 22. 

In a preferred embodiment of the invention the bottle 20 is made from a 
mixture of plastics material (such as polypropylene) and a flux material. The 
bottle typically comprises 60 to 80% calcium carbonate and 40 to 20% 
polypropylene. The advantages of including flux with the plastics material is 
discussed below. 



The flux 26 comprises: 
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20% to 60%. preferably 25% to 40%, by weight, sodium hydroxide 
(NaOH); 

20% to 60%. preferably 25% to 40%, by weight, lead oxide; 

20% to 60%, preferably 25% to 40%, by weight, borax; and 

may also contain a small amount (0 to 1%) of silver nitrate. 

Each bottle 20 contains a predetermined charge and constitution of flux. The 
bottles are conveniently filled with flux on a production line at a production 
site and then transported to the site at which assaying takes place. The 
charge of flux, which varies from 200 to 45 Og, depends on the amount and 
type of sample being assayed. Generally, there is a ratio of flux to sample of 
4:1 to 6:1, by weight. The constitution of the flux depends on the 
cliaracteristics of the sample being assayed. For example, a higher amount 
of borax is added for samples containing higher concentrations of base 
metals and a higher amount of sodium hydroxide is added for samples 
containing high amounts of silicates. 

It is important that the lid 22 engages sealingly with the opening to the 
bottle 20 to ensure that the sodium hydroxide (NaOH) which is corrosive 
and hygroscopic does not come into contact with the atmosphere during 
transportation and storage of the bottle and flux. 

In the process, the lid 28 of the bottle 20 is removed an aliquot sample of ore 
is added to a bottle 20 containing flux 26, the lid 28 is applied back onto the 
bottle 20 and the sample and flux is combined by merely shaking the bottle. 
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Previously, mixing containers were used which caused spillages and 
contamination between samples. Thus, the bottle 20 conveniently provides a 
pLickage containing a required charge of flux which is also used to combine 
I he aliquot sample and the flux. 

It is envisaged that the sample preparation step is automated as a series of 
mechanically linked steps, enabling the preparation of an ore sample for 
assaying without the need for manual intervention. 

Referring to Figure 3, bottles 20 which contain ore sample combined with 
flux are loaded onto a sample loader 34 which comprises a conveyor belt 36, 
an optical sensor 38, a bar code reader 40, and a mechanical gripper arm 42. 
In use, the optical sensor 38 senses the presence of a bottle 20, the bar code 
leader 40 (positioned above the bottle, and shown in dotted outline) scans 
tlie bar code 28 on the lid of the bottle 20 and the gripper arm 42 grips the 
bottle at the ridge 30 and transfers it into an induction furnace 44 which is 
powered by a generator 46. The conveyor 36 conveys the next bottle 20 in 
line with the sensor 38 and this next bottle is then ready to be transferred 
into the induction furnace 44. Once placed in the induction furnace 44, the 
identity of the bottle 20 is compared to the information stored on the central 
database and the bottle 20 is heated at a temperature profile that corresponds 
to the ore sample and flux contained within the bottle 20. 

Referring to Figure 4, the induction furnace 44 includes a removable 
melting pot 46 for melting the sample and flux. The melting pot 46 may be 
made from any material that can sustain temperatures of up to 1500**C and 
which is not adversely affected by electromagnetic waves from an induction 
coil. For example, graphite or zirconium may be used. .Zirconium is 
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preferred because it is resistant to sodium hydroxide fusions and does not 
tixidise as readily as graphite at high temperatm-es. Zirconium also has a 
high melting point of ISSO'^C, well above the operation temperatures of the 
induction furnace. It is important that the temperature of the melting pot 46 
is monitored and tliermocouples 49 are provided on the melting pot 46 for 
this purpose. The melting pot 46 is surrounded by a barrier 47 of ceramic 
material (1600 heat isolating) which in turn is surrounded by an induction 
coil 48. The induction coil 48 is surrounded by a shunt 51 that directs 
electromagnetic wa\^es from the coil 48 toward the melting pot 46. The 
abovementioned components are housed in a housing 50 which is made 
from a ceramic material (polyester board GP03). The furnace 44 also has a 
lid 52 which has a backing 54 also made from the ceramic material and an 
underside 56, made from alumina or zirconia based ceramic material, which 
closes the opening 58 into the melting pot 46, when the lid 52 is closed. It is 
important that the lid 52 closes the melting pot 46 sufficiently to create a 
reducing atmosphere therein to minimize oxidation of. the melting pot 46 at 
the high temperatures within the fumace. 

Once a bottle 20 has been inserted into the melting pot 46 the lid 52 is 
closed, and the bottle 20 and mixture of sample and flux therein are heated 
according to a predetermined temperature profile which is controlled by the 
amount of power applied to the induction coil. The temperature profile may 
be selected according to the amount and characteristics of ore which is being 
assayed and also the amount and characteristics of the flux 26. 

In a typical example where the temperature profile. is kept constant, the 
melting pot 26 is heated to about 900° and the flux and sample is inserted 
into the melting pot 26. The coil 48 is supplied with 15-30 kW of elecu-ical 
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energy from the generator 46 for a predetermined first period of time 
(usually 20 to 30 seconds) to heat the pot to about \250°C and then dropped 
to 10 to ]2kW for a predetermined second period of time (usually 20 to 30 
seconds), maintaining the temperature of the melting pot at about 1250°C. 
Tiius, fusion of the ore and flux takes from 45 to 90 seconds, generally 
approximately 60 seconds. 

1 f necessary, the sample and flux may be heated at a predetermined varied 
temperature profile, for example by first heating the flux and sample to 
about 1250°C for a first period of time (20 - 30 seconds) to melt the sample 
and flux and to then decreasing the temperature to about lOOOX for a 
second period of time (20 - 30 seconds), while the gold and PGMs are 
collected by the lead. 

Another important aspect of the invention is that the temperature profile 
applied to each sample can be computer-controlled and thus the heating 
conditions can be accurately controlled, according to the identification made 
by the bar code reader. Information on each sample, such as sample type, 
sample weight, flux weight, flux composition, fusion conditions (i.e. 
temperature profile) is stored on a central database. Each sample is 
identified before it is added to the furnace and it is then heated according to 
a predetermined temperature profile. The system can also be used to subject 
similar ores, or ores from the same area, to similar or the same conditions, to 
ensure consistent assay results. 

r-'usion of the ore and flux is extremely quick and the altemating electro- 
magnetic waves (eddy waves) from the induction coil causes a violent 
stirring action of molten lead within the crucible which results in complete 
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collection of gold aiid PGMs by the lead within about- 60 seconds of power 
being applied to the induction furnace. 

During heating, the temperature of the melting pot must be monitored by the 
thermocouples 49 and by altering the energy applied to the induction coil 48 
lo ensure tliat the temperature of the molten lead and flux remains within a 
prefen-ed temperature range of between 1150 °C and 1300°C. If the 
temperature exceeds 1450°C chrome III within the sample will be converted 
to clirome V and the chrome metal formed can trap gold and PGM's and 
negatively affect results. If the temperature drops too low (below 900°C), 
the slag will begin to solidify and it is then difficult to separate the slag from 
the lead. 

The ceramic housing 50 ensures that, while the temperature within the 
crucible 46 can reach up to 1400°C, the outer surface of the ceramic housing 
50 does not reach more that 60 to lOO^C. This is because the ceramic 
iiousing 50 is not heated by eddy waves from the induction coil 48. The 
ceramic barrier 47 (which is not heated by the induction coil) serves to 
insulate the crucible 46 so that radiant energy is isolated within the crucible. 

The advantage of the flux 26 over known flux compositions is that the 
sodium hydroxide has a melting point of 318°C, which is much lower than 
tlie melting point of CaC03 , used in conventional fire assay processes. 
Thus, when the flux 26 is added to the crucible 46 in the induction frimace 
46 (which is normally preheated a temperature of about lOOO'^C), the 
sodium hydroxide melts, wets the sample and flux, and retards spattering 
and boiling when power is applied to the induction frimace. The sodium 
hydroxide then reacts with silicates in the sample to form slag. Up to now it 
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has not been possible to use sodium hydroxide in conventional fire assay 
processes as these processes make use of clay pots and the sodium 
hydroxide would react with silica in the pots and destroy them during 
heating. The sodium hydroxide does not however have this effect on a 
graphite or zirconium melting pot 46. Also, there has been no feasible way 
of storing and transporting NaOH, because it is hygroscopic, and the sealed 
containers address this problem. Furthermore, fire assay flux used in the past 
containing calcium carbonate cannot be used in an induction furnace as it 
will blow out during rapid heating of the melting pot 46. 

Thus, the flux 26, comprising soditmi hydroxide makes it possible to rapidly 
melt an ore sample m an induction furnace as described above without 
losing flux and ore sample in the process. 

The plastics bottle 20 is also an important part of the heating process as it 
provides a carbon source for reducing the lead oxide to produce molten lead. 
The inclusion of flux (calcium carbonate) with the plastic is to replace 
excess plastic which is merely burnt away, and to reduce flames and smoke 
during heating. 

Referring back to Figure 3, after the sample has been heated in the. induction 
furnace 44, the molten sample, which comprises lead containing gold and 
PGM's from the sample, and slag, is separated. 

The mixture of slag and lead may be poured from the melting pot 46 into 
another receptacle and the lead and slage separated in that receptacle. 
However, according to a preferred embodiment of the invention, the melting 
pol 46 also performs the function of separating the molten lead from the 
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rigure 5 shows a melting pot 46 which is arranged to be received in an 
induction furnace, and which serves the dual purpose of separating molten 
lead from slag. As discussed above, the melting pot 46 may be made from a 
material such as graphite or zirconium. Zirconium is preferred as molten 
lead does not adhere to the heated zirconium. This is advantageous as the 
melting pot 46 is intended to be used for numerous samples and this limits 
the contamination of subsequent saiiiples from previous samples. 

Referring to Figure 6, the melting pot 46 comprises a base 60 with a side 
wall 62 extending from the base and defining a top opening 64. A first 
spout 66 is provided at the top opening 64 for decanting molten material 
from a melting zone 68 within the melting pot 46. A second spout 70 is 
provided at the top opening 64 and is diametrically opposed to the first 
spout 66. 

A collector 72 defining a collecting cavity 76 is provided on the side wall 62 
of the melting pot 46, below the first pouring spout 66. The collector 72 
may be formed integrally with the pot but is preferably removable in the 
form of an externally threaded plug which screws into a compUmentary 
liireaded aperture 74 in the side wall 62. The collecting cavity 76 is sized to 
accommodate only a predetermined amount of molten lead (i.e. the amoimt 
of lead in a molten assay sample). In a typical example, the collecting 
cavity 76 is sized to accommodate only 64 grams of lead from a flux 
containing 70 grams of lead oxide. Depending on the amount of lead in a 
molten sample the cavity 76 may be selected to contain from 35 to 110 
grams of lead. The removable plug is advantageous as different size 
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collecting cavities 76 can be selected and provided for different samples that 
are being assayed. This is important as tlie zirconium melting pot 46 is 
expensive to manufacture. The collector 72 is located proximate the top 
opening 64, and away from the melting zone 68, where the pot is corroded 
during fusion, so that the collector is not damaged during fusion. 

In addition to what is stated above, the plug 72 has a side wall 78 which 
protrudes from the side wall 62 of the side wall 62 of the melting pot 46. 
The side wall 78 is advantageous as it provides a barrier that helps to collect 
lead in the collecting cavity 76. 

As mentioned above, it is important to monitor the temperature of the 
melting pot 46 during operation and thermocouples 80 are provided in the 
base 60 of the melting pot 46, for this purpose. 

Once the sample and flux have been fused to provide a slag and when the 
gold and PGM's have been collected in the molten lead, the molten lead and 
slag are separated by rotating the melting pot 46 to tip firstly the slag and 
then secondly and separately the lead from the melting pot 46. In this 
embodiment of the invention the melting head is not removed from the 
furnace and separation is conveniently achieved by tipping the whole of the 
induction furnace, i.e. tipping the induction coil together with the melting 
pot 46. 

Referring to Figure 7, after a sample and flux have been fused, in a melting 
pot 46 in an induction furnace 44, the fiimace 44. is rotated in a first 
direction "A" toward the first spout 66 and the lead collector 72. The 
furnace 44 is rotated through approximately 160**. Because of different 
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densities and viscosities, slag 80 is poured out of the melting pot 46 via the 
Ilist spout 66 and all of the molten lead 82 is trapped in the lead collector 
72. The side wall 78 of the collector 72 forms a barrier tliat protrudes from 
the side wall of the melting pot 46 and assists in the collection of the molten 



The slag that is poured out of the melting pot 46 is poured into a waste bin 
(not shown). After all of the slag has discharged from the melting pot 46, 
the furnace is rotated back into an upright position. 

The furnace 44 is then rotated in a second direction "B" which is opposite to 
the fust direction "A", also through about 160°. Molten lead 84 within the 
melting pot 46 is then discharged out of the melting pot 46, via the second 
spout 70 into a water-cooled mould 86. 

It is important to keep the melting head 46 at a temperature above 900°C 
during the above process so that the molten lead and slag are properly 
separated and so that molten lead is not left behind within the melting head 
46. In this regard, the induction coil 48 extends to the spouts 68 and 70 to 
heat them and ensure that they do not cool to below 900°C. 

The mould 86 is water-cooled to about 10°C and the molten lead poured into 
the mould solidifies within about 5 t6 10 seconds to form a lead button. 



lead. 



Rapid cooling of the molten lead stops gold and PGMs in the lead from 
forming layers ensuring that the concentration of gold and PGMs within the 
lead button is homogenous. 
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Tiiereafter, the button is removed from the mould and stamped with an 
identification number which corresponds to the bar code which was read at 
I he beginning of the process and the buttons are stored on a button storage 
rack, ready to be anai^'zed, 

I'he amount of gold and PGMs within the button may be analysed by any 
conventional processes, for example by cupellation or lead dissolution. Hie 
lead cupellation processes takes approximately 2,5 hours to perform and the 
lead dissolution process takes approximately 8 hours to perform. The main 
iid\ antage of homogenous button 74 produced by the process of the 
in\'ention is that it can be analysed by way of much quicker processes such 
;js spark analysis and. laser ablation. In prior art processes, due to the 
separation and cooling techniques employed, PGMs and gold form layers 
within tlie lead and the lead cannot be analysed by spark analysis or laser 
beani ablation. As spark analysis and laser ablation only takes 
approximately 30 seconds, the use of these processes on the lead buttons 
produced by the invention dramatically reduces the time taken up by 
analysis. By using spark analysis or laser ablation, the whole fire assay and 
analysis process could be done in far less time than the twelve hour turn 
around time of known processes. 

In addition to the above advantages, the fire assay method and apparatus 
according to the invention provides a much more comfortable working 
en\'ironment than the hot and uncomfortable working environment of prior 
art furnaces. The apparatus according to the invention also takes up far less 
work space and means that assay laboratories are more financially viable. 
Furthermore, the system requires less power than prior art processes and 
reduces replacement parts such as elements, clamps and braids for furnaces, 
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loading and pouring equipment and cJay crucibles. Lastly, the apparatus and 
in ocess of the invention can provide an automated process that is not labour 
intensive. 

Example! 

A typical charge of flux according to the invention for analyzing 5g 
concentrate ore samples from a reef in Rustenburg in South Africa, to test 
for platinum, palladium, rhodium and gold has the following amoimt and 
composition: 

80g Borax 
85g Litharge 
45g NaOH 

The flux is provided in a sealed plastic bottle. The bottle has a receptacle 
portion that weighs from 35 to 45g and a lid that weighs ±IOg. The lid is 
made from polyethylene and the receptacle is made from 40%, by weight, 
polypropylene and 60%, by weight, calcium carbonate. 

Example2 

A typical charge of flux according to the invention for analyzing 75g feed 
ore samples from a reef in Rustenburg in South Africa, to test for platinum, 
palladium, rhodium and gold has the following amount and composition: 



80g Borax 
85g Litharge 



% 
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60g NaOH 

I'iie flux is provided in a sealed plastic bottle. The bottle has a receptacle 
portion that weighs from 50 to 60g and a lid tliat weighs ±10g. The lid is 
made from polyethylene and the receptacle is made from 40%, by weight, 
polypropylene and 60%, by weight, calcium carbonate. 

Examples 

A typical charge of flux according to the invention for analyzing lOOg tail 
ore samples from a reef Rustenburg in South Africa, to test for platinum, 
palladium, rhodium and gold has tlie following amount and composition: 

1 60g Borax 
85 g Litharge 
140g NaOH 

The flux is provided in a sealed plastic bottle. The bottle has a receptacle 
portion that weighs from 60 to 75g and a lid that weighs ±10g. The lid is 
made from polyethylene and the receptacle is made from 40%, by weight, 
]5o]y propylene and 60%, by weight, calcium carbonate. 

Example 4 

This Example shows a typical method according to the invention, in which 
leed ore samples from a mine in Rustenburg, South Africa, were analyzed. 
Feed ore samples were prepared by drying feed tail ore, comminuting and 
sieving it, and weighing aliquot samples of 75g of ore. 
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rhe lid of a sealed container as described in Example 2 and containing a 
flux composition according to Example 2 was opened. An aliquot ore 
sample was added to the container and the lid was replaced. The container 
was then shaken to combine the ore sample and the flux composition. 

The container was then inserted into a triple pitch impregnated graphite pot 
\vhich was surrounded by an induction coil in an induction furnace. The 
induction coil was powered by a 15kW induction generator. 

The graphite pot had been pre-heated to 1250°C. Once tlie bottle had been 
inserted into the melting pot, the lid of the furnace was closed and the heat 
of the pot was maintained at HSO'^C for 90 seconds, by applying 15kW of 
power to the coil at 6.5kH. Although it is possible and sometimes 
advantageous to heat the sample according to a varied temperature profile, 
the temperature in this example was kept constant at 1250°C during melting 
and fusion. 

After 90 seconds the power to the induction furnace was reduced and the 
molten sample of lead, and slag were poured into and separated in a heated 
separator as described in South African provisional patent application no. 
99/1 83 1 which is incorporated herein by reference. 

The separated molten lead was poured into a chilled mould and formed into 
a solid lead button within 10 seconds. 

The above process was carried out with 1 0 aliquot samples of ore. The solid 
lead buttons were then analyzed by cupel lation and lead dissolution methods 
und the results of the analysis are set out in Table 1 below: 
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T APILE I 



Avg 
%RSD 

NiS Consensus 



Induction 



Pt 1 Pd 


Rh 


Au 


4T 


Pt 


Pd 


Rh 


Au 


4T 


2.03 


2.28 


0.198 


0.293 


4.80 


2.32 


2.42 


0.188 


0.380 


5.31 


2.17 


2.37 


0.198 


0.285 


5.02 


2.25 


2.27 


0.188 


0.275 


4.98 


2.03 


2.33 


0.198 


0.280 


4.84 


2.15 


2.26 


0.188 


0.258 


4.86 


2.14 


2.27 


0.193 


0.283 


4.89 


2.1 


2.34 


0.188 


0.300 


4.93 


2.12 


2.38 


0.195 


0.278 


4.97 


2.08 


2.28 


0.180 


0.275 


4.82 


2.17 


2.39 


0.193 


0.285 


5.04 


2.41 


2.32 


0.180 


0.298 


5.21 


2.37 


2.25 


0.185 


0.343 


5.15 


2.02 


2.29 


0.190 


0.333 


4.83 


2.07 


2.33 


0.198 


0.233 


4.83 


2.23 


2.4 


0.193 


0.268 


5.09 


2.20 


2.41 


0.203 


0.293 


5.11 


2.07 


2.31 


0.185 


0.268 


4.83 


2.13 


2.27 


0.190 


0.343 


4.93 


2.07 


2.25 


0.190 


0.275 


4.79 


2.14 


2.33 


0.195 


0.292 


4.96 


2.17 


2.31 


0.19 


0,29 


4.96 


4.4 


2.4 


2.5 


10.4 


2.3 


5.6 


2.4 


2.1 


12.2 


3.5 


2.10 2.31 


0.208 


0.246 


4.86 


2.10 


2.31 


0.208 


0.246 4.86 



The same feed sample was tested in a nickel sulphide fire assay process 
known in the prior art. The results of these tests are set out in Table 2 below: 



TABLE 2 



Avg 
%RSD 

NiS Consensus 



Fire Assay 


Lead dissolution 


Cupellation 


Pt 


Pd 


Rh 


Au 


4T 


Pt 


Pd 


Rh 


Au 


4T 


1.57 


1.73 


0.140 


0.270 


3.71 


1.87 


1.75 


0.135 


0.190 


3.95 


2.14 


1.94 


0.160 


0.260 


4.50 


1.73 


1.78 


0.140 


0.200 


3.85 


1.66 


1.71 


0.150 


0.250 


3.77 


1.77 


1.86 


0.145 


0.185 


3.96 


1.84 


1.96 


0.160 


0.220 


4.18 


1.98 


1.99 


0.153 


0.260 


4.38 


2.08 


2.11 


0.190 


0.250 


4.63 


2.39 


2.21 


0.170 


0.288 


5.06 


2.03 


2.14 


0.180 


0.280 


4.63 


1.97 


2.01 


0.158 


0.318 


4.46 


1.94 


2.05 


0.180 


0.460 


4.63 


1.97 


2.15 


0.163 


0.260 


4.54 


2,07 


2.14 


0.190 


0.230 


4.63 


1.96 


2.25 


0.173 


0.250 


4.63 


2.03 


2.21 


0.180 


0.300 


4.72 


2.37 


2.3 


0.170 


0.260 


5.10 


2.23 


2.32 


0.200 


0.280 


5.03 


2.23 


2.2 


0.180 


0.253 


4.86 


1.96 


2.03 


0.173 


0.280 


4.44 


2.02 


2.05 


0.159 


0.246 


4.48 


10.2 


9.2 


10.7 


22.9 


9.1 


10.9 


9.3 


9.1 


16.5 


9.6 


2.10 


2.31 


0.208 


0.246 


4.86 


2.10 


2.31 


0.208 


0.246 


4.86 
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From Tables 1 and 2 it is clear that the results of the lead buttons prepared in 
ihe induction heating process according to the invention compare ver}' well 
with the results the lead buttons prepared by the nickel sulphide fire assay 
process. In fact, the RSD for the induction process is significantly lower 
than that of the nickel sulphide fire assay process. 

Example 3 

Lead buttons from an ore sample, prepared by a process according to the 
in\ ention as described in Example 4 were tested by spai-k analysis and were 
Found to provide accurate results. 

A tail sample from a reef in Rustenburg South African was treated in the 
same way as described in Example 4 to produce three lead buttons. The 
buttons were analysed by spark analysis and the results are set out below: 



Pt 


Pd 


Rh 


Au 


Total PGM 


0.53 


0,20 


0,07 


0,07 


0,87 


0,54 


0,19 


0,06 


0,04 


0,83 


0.55 


0,19 


0,06 


0,04 


0,84 



Conventional cupellation techniques were carried out on lead buttons from 
tiie same sample and revealed a total PGM value of 0,82 grams per ton. 

Example 6 

The process according to the invention as described in Example 4 was 
carried out using a melting pot made of zirconium, except the ore sample 
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\\:is replaced with silica. After fusion, it was found that the zirconium 
melting pot is superior to the graphite melting pot in that it did not oxidise 
;is much at high temperatures as the graphite pot, and the molten lead does 
not adliere as much to the zirconium pot. 



% 
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CLAIMS 



1 . A method for assaying aii ore sample to detemiine the concentration of 
selected metals therein, comprising the steps of: 

combining a prepared ore sample with a lead-containing flux; 

inductively heating the combination to form a fusion of slag and lead 
containing the metals in the sample; and 

separating the lead from the slag. 

2. The metliod according to claim 1 wherein the combination is heated at a 
predetermined temperature profile. 

3. The method according to claim 2 wherein the predetermined reference 
temperature profile is determined by the characteristics and amount of the 
ore sample and/or the flux. 

4. The method according to claim 3 wherein the sample is supplied with a 
liigh level of heat for a predetermined first period of time and then supplied 
with a lower level of heat for a predetermined second period of time to form 
the fusion of slag and lead. 

5. The method according to any one of the preceding claims wherein the 
sample of ore and flux are combined in a container made from carbon-based 
material, and the container, the sample, and the flux are inductively heated. 
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6. The method according to claim 5 wherein the container is made from 
plastics material and comprises a lid which is aiTanged to close tlie container 
senlingly. 

7. The method according to claim 5 or 6 wherein the container includes 
identification means for identifying the sample contained therein. 

8. The method according to claim 7 wherein the identification means is a 
barcode. 

9. A metliod according to any one of the preceding claims wherein the flux 
contains sodium hydroxide. 

1 0. The method according to any one of the preceding claims wherein the 
sample is heated inductively witliin a graphite melting pot in an induction 
furnace. 

] 1 . The method according to any one of the preceding claims wherein the 
sample is heated inductively within a zirconium melting pot in an induction 
furnace. 

12. The method according to any one of the preceding claims wherein 
molten lead separated from the slag is poured into a chilled mould, to 
provide a solid lead button. 

13. A method according to claim 5 including the steps of storing 
information on each sample on a central database, providing each container 
into which the sample is poured with a unique identification means. 
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idLMitifying each container before inserting it into the induction furnace, 
correlating the identity of the container and information on the central 
database, and applying a predetermined reference temperature profile to the 
sample, according to the information on the sample stored in the database. 

14. A method according to claim 13 wherein the identification means is a 
bar code and the bar code is identified with a scanner. 

15. A method according to any one of the preceding claims wherein each 
solid lead button is stamped with an identification code. 

16. A receptacle for separating molten lead from slag, the receptacle 
comprising a base with a side wall extending from the base, the side wall 
defining a top opening into the receptacle, and the side wall having a 
collecting cavity, wherein the collecting cavity is sized to collect a 
predetermined amount of molten lead. 

17. A receptacle according to claim 16 wherein the collecting cavity is 
located proximate the top opening of the receptacle. 

18. A receptacle according to claim 16 or 17 wherein barrier means is 
provided between the collecting cavity and the opening of the receptacle, to 
trap molten lead in the collecting cavity. 

19. A receptacle according to any one of claims 16 to 18 wherein the 
collecting cavity is formed within a removable plug which is attachable to 
the side wall of the receptacle. 
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20. A receptacle according to any one of claims 16 to 19 including a first 
spout located at the top opening, above the collecting cavity. 

2 I . A receptacle according to claim 20 including a second spout located at 
the top opening, diametrically opposed to the first spout. 

22. A receptacle according to any one of claims 16 to 21 wherein the 
receptacle is also a melting pot for an induction furnace. 

23. A receptacle according to any one of claims 16 to 22 made from graphite 
or zirconium. 

24. A method for separating molten lead from slag, in the receptacle of 
claim 16, the method including the steps of: 



introducing a slag v^th a predetermined amount of molten 
lead therein into the receptacle; 



2. 



rotating the receptacle in a first direction toward the 
collecting cavity so that the molten lead fills and is retained 
within the cavity, rotating the receptacle further so that the 
slag is discharged from the opening to the receptacle; 



rotating the receptacle so that the molten lead flows out of the 
opening to the receptacle; and 



4. 



collecting the lead discharged from the opening of the 
receptacle. 
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25. A method according to claim 24 wherein the receptacle is a melting pot 
surrounded by an electromagnetic coil and the electromagnetic coil is 
rotated together with the melting pot. 

26. A flux composition for use in fire assaying of ore samples, the 
composition containing sodium hydroxide. 

27. The composition of claim 26 comprising 20% to 60%, by weight, 
sodium hydroxide, 

28. The composition of any one of claims 26 to 28 further comprising: 

20% to 60%, by weight, lead oxide; and 
20% to 60%, by weight, borax. 

29. The composition of claim 27 comprising 20% to 50%, by weight sodium 
hydroxide, 25% to 40% lead oxide and 25% to 40% borax. 

30. The composition of any one of claims 26 to 30 further including silver 
nitrate. 

31. A sealed container, made from a carbon-based material, the container 
containing a charge of flux composition including sodiiun hydroxide, for 
use in the fire assay of a sample of ore. 

32. A container according to claim 31 including a replaceable lid. 
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33. A container according to claim 31 or 32 made from a combustible 
material. 

34. A container according to claim 33 made from a plastics material. 

35. A container according to claim 34 made from a mixture of plastics 
material and a flux material. 

36. A container according to claim 35 wherein the flux material is calcium 
carbonate. 

37. A container according to claim 36, the mixture including 60 to 80%, by 
weight, calcium carbonate. 
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CLAIMS 

1 . A method for assaying aii ore sample to detennine the concentration of 
selected metals therein, comprising tlic steps of: 

y. • y. 

combining a prepared .ore sample with a lead-containing flux; 

induciiveiy heating the combination to form a fusion of slag and lead 
containing tlie metals in the sample; and 

separating the lead from the slag, 

2. The metliod according to claim 1 wherein the combination is heated at a 
l^redetermined temperaiure profile. 

3. The method according to claim 2 wherein the predetermined reference 
lemperamrc profile is determined by the characteristics and amount of the 
ore sample and/or the flux. 

A. The method according to claim 3 wherein the sample is supplied with a 
high level of heat for a predetermined first period of time and then supplied 
with a lower level of heat for a predetermined second period of time to form 
the fusion of slag and )ead. 

5. The method according to any one of the preceding claims wherein the 
sample of ore and flux are combined in a container made from carbon-based 
maicrial, and the container, the sample, and the flux are inductively heated. 
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6. The method according to claim 5 wherein the container is made from 
plasties material and comprises a ]id which is arranged to close the container 
sealingiy. 

7. The metliod according to claim 5 or 6 wherein the container includes 
identification means for ideniifyino the sample contained tliercin. 



%. The metliod according lo claim 7 wherein the identification means is a 
barcode. 

9. A metliod accordijig to any one of the preceding claims wherein the fhix 
coniains sodium hydroxide. 

1 0. The method according to any one of tlie preceding claims wherein the 
sample is heated inductively witliin a graphite melting pot in an induction 
(iimace, 

1 1 . Tlie method according to any one of the preceding claims wherein the 
sample is heated inductively within a zirconium melting pot in an induction 
furnace. 

12. Tlie metliod according to any one of the preceding claims wherein 
molten lead separated from the slag is poured into a chilled mould, to 
provide a solid lead button. 

13. A method according to claim 5 including the steps of storing 
information on each sample on a central database, providing each container 
in 10 which the sample is poured with a unique identification means, 
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iclcniifying each container befoie inserting it into the induction furnace, 
con-elating the identity of the container and information on the central 
database, and applying a predetermined reference temperature profile to the 
snmpie, accordi]ig to the information on the sample stored in tlie database. 

14. A method according to claim 13 wherein the identification means is a 
bar code and tJie bai* code is identified with a scanner. - 



Id. A method according to any one of the preceding claims wherein each 
solid lead button is stamped with an identification code. 

16. A receptacle for separating molten Jead from" slag, the receptacle 
comprising a base with a side wal] extending from tlie base, tlie side wall 
defhiing a top opening into the receptacle, and the side wall having a 
collecting cavity, wherein the collecting cavity is sized to collect a 
predetermined amount of molten lead. 

17. A receptacle according to. claim 16 wherein the collecting cavity is 
located proximate the top opening of the receptacle. 

IJ>. A receptacle according to claim 16 or 17 wherein barrier means is 
provided between the collecting cavity and the opening of the receptacle, to 
irap moitcn lead in the -collecting cavity. 

19. A receptacle according to any one of claims 16 to 18 wherein the 
collecting cavity is formed within a removable plug which is attachable to 
the side wall of tlie receptacle. 
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20. A recepiacJe £iccording to' any one of claims 16 to 19 incJuding a first 
spnut iocaied at the top opening, above the collecting cavity. 

2 1 . A receptacle accoi-ding to claim 20 including a second spout located at 
the Top opening, dimnetrically opposed to the first spout. 

22. A receptacle according to any one of claims 16 to 21 wherein tlie 
receptacle is also a melting pot for an induction fumace. 

2j. a receptacle according to any one of claims 16 to 22 made from graphite 
or zirconium. 

24. A method for separating molten lead from slag, in the receptacle of 
claim 1 6, the method including the steps of: 

1 . introducing a slag with a predetermined amount of molten 
lead therein into the receptacle; 

2. rotating the receptacle in a first direction toward the 
collecting cavity so tliat the molten lead fills and is retained 
u'itliin the cavity, rotating the receptacle farther so that the 
slag is discharged from the opening to the receptacle; 

3. rotating the receptacle so that the molten lead flows out of the 
opening to the receptacle; and 

4. collecting the lead discharged from the opening of the 
receptacle. 
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25. A method according to claim 24 wherein the receptacle is a melting pot 
surrounded by an electromagnetic coil and the electromagnetic coil is 
rotated together with the melting pot. 

26. A flux composition for use in fire assaying of ore -samples, the 
composition containing sodium hydroxide. 

27. The composition of claim 26 comprising 20% to 60%, by weight, 
sodium hydroxide. 

2S. The composition of any one of claims 26 to 28 further comprising; 

20% to 60%. by weight, lead oxide; and 
20% to 60%, by weight, borax. 

29. Tlie composition of claim 27 comprising 20% to 50%, by weight sodium 
hydroxide, 25% to 40% lead oxide and 25% to 40% borax. 

30. The composition of any one of clanns 26 to 30 further including silver 
nitrate. 

31. A sealed container, made from a carbon-based material, the container 
containing a charge of flux composition including sodium hydroxide, for 
use in the fire assay of a sample of ore. 



32. A container according to claim 31 including a replaceable lid. 
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33. A container according to claim 31 or 32 made from a combustible 
material. 

34. A container according to claim 33 made from a plastics material. 

35. A container according to claim 34 made from a mixture of plastics 
material and a flux material. 

36. A container according to claim 35 wherein the flux material is calcium 
carbonate. 

37. A container according to claim 36, the mixtizre including 60 to 80%, by 
weight, calcium carbonate. 
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ih international application as filed has been furnished. 

□ The.statement that the information reoorded In computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted In the canosllatlon of: 



□ the description, pages: 
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5, □ TTiis report has been established as If (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement Bheel containing such msndments must be refbrr^ 1 and Annexed to this 

report) 

6. Additional obsenrations, If necessary: 
IV. Lack of unit/ of invention 

1 . In responfio to the invitation to redtrlct or pay additional fees the applicant has: 

□ restricted the claims. 
Bl paid additional fees. 
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□ neither restricted nor paid additional fees. 

2. □ This Authority found that the requirement of unity of Invention Is not compiled and chose, accoiding to Rule 

63.1 , not to invite the applicant to restrict or pey additional fees. 
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4. Consequently, the following parte of the International application werB the subject of international preliminary 
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Yes: Claims 

N : Ctalma 1-37 



inventive step (IS) 



Ye^ Claims 

No; Claims 1-37 
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1)10 following observations on the clarity of the claims, description, and drawlnga or on the question whether the 
dafms are full/ supported by the deeeriptioni are made: 
fiee fioparfite eheot 
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SECTION IV; UNITY 

The claimed eubjeot-matter does not comply with the requirement of unity of 
Invention (Rules 13.1, 13.2 and 13.3 POT). 

The terms "for use in a method for aeeaying an ore eample according to" 
wfthin the wording of claims 1 6-23 (device) and claims 26*37 (product) do not 
constitute "special technioai features" tn the sense of Rule 13,2 PCT (see in 
partteular lines 4-6 of Rule 13,2 PCT) since they merely indicate that the device 
or product can be used for a partioular purpose (not exicuding any othe method 
or use). The cited terms cannoti therefore^ be considered as the baete fof 
a single general inventive concept. 

The following groups of inventions are present In the international application: 

1. first group: claims 1-15 (method for assaying ores containing the steps cited). 

2. second group: claims 16-29 (receptacle). 

3. third group; claims 24-25 (method for separating molten lead from slag) 

4. fourth group! claims (flux composition), 

5. fifth group: olalms 31-37 (a sealed container), 

SECTION V! 

The subject-matter of the first to fifth groups of inventions does not meet the 
novelty requirements of Article 33(2) PCT: 

V.1 In this regard the attention of the applicant is drawn to the fact that temis like 
"for assaying an ore sample to determine the concentration of selected metals 
therein" fn the wording of claim 1 does not add to the claimed process any step 
different from those explicitly cited in the claim namely combining ore and fluxTI 
heating (inductively) to fusion of $lag and lead and separating lead from slag. J 
D1uU&-An5 849 649 discloses (see col. 1 . line 18 and col. 2, lines 41^9 as well 
a$ coL 6, lines 31-35) a glass flux composition containing aluminium oxides, 
magnesium oxides, zirconium oxide and other oxides of metals, which can be 
^ considered ores since th y also naturally occur as minerals, and lead oxide 
mixed tofl gther. This is a glass flux oomposftion to be used as enamel for 
application to ceramic ware. I nduction ovens being the most used typ eof 
oy n for glass production and slags always separating from molten metals 
at the oven exit, it is therefore stralghtfonward that a process such as that 
defined In D1 fs prejudicial for the novelty of process claims 1 tol6. 
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V.2 The terms " for u$e In fire assaying of ore samples' In the wording of claim 
26 do not add to the claimed product anything over the composition explicitly 
disclosed. Nothing apart from the explicitly cited chemical compounds Cited 
(namely sodium hydroxide) Is present in the wording of the claimed product. 
Without citing any dooumenti It Is evident that claims 26 and 27 are not novel 
since it is evident thai compositions containing exclusively sodium hydroxide or 
sodium hydroxide aqueous solutions containing amounts ranging from 20-60% 
by weight were known before the filtng date of the present application. 
In the absence of at least one differentiating technical feature present In the 
wording of the produot Independent claim, the novelty of the product claims 26 
to 30 cannot be acknowledged. 

V.3 The disoloeure of document D2= WO-A-g6/41l61 (see figure 1) clearly 
concerns a receptacle with a collecting cavity (40,42) and a spout(1 8), Of course 
the walls of the collecting cavity act as a barrier between the ooliaoting cavity 
and the opening of the receptacle. The cited document is prejudicial for the 
novelty of at least claims 16 to 25. 

In the same way D3=GB-A-2 289 768 (see figure 3, items 1 8,22,20 and page 3, 
line 1 0-page 4, line 8) is also prejudicial for the novelty of at least claims 1 6 to 
26, 

V.4TTTe disclosure of D4=sUS-A-3 761 965 (see figures 1 to 3, in particular Items 
2, 5a and 1 as well as corresponding parts of the description) Is prejudicial for 
the novelty of claims 81^7. 

V.S INVENTIVE STEP 

None of the technical features of the dependent claims of all the groups of 
Inventions (see use of oarbon based plastic container identified by a bar code 
of claims 6 to 8 and Its Identification via a scanner of claims 14-1 5; graphite or 
zirconium melting pots of claims 10-11) nor anv othe r technical featuw 
dtedtosed in the description seems to solve a technical problem which could 
not have bean solved by the normal procedures of the prior art. On the contrary 
they seem to concern merely well known features therefrom and therefore 
cannot be consid red inventive. 
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In the absence of at least one differen tiating techftfcql feature present In 
the wordlnojrfihe proce ss and product claims, which is resp onsible for 
the solution of a teohni cal problem which could not have been solved by 
the technical features of the prior art mi to D4^. the inve ntive step of the 
claimed subject matter according t o Article 33fa^ PCT cannot be 
acknowledged since differentiating t echnical features not eolving a 
technical problem can be oonsldered as obvious modifications of the prior 
art, 

SECTION Vlll! 

The presence of two Independent process (method) claims each of them 
concerning oompletety different technical features (claim 1 concerns the addition 
of a flux composition containing any amount of lead whereas claim 24 concerns 
the separation of a slag using a receptacle with a cavity and a product claim 26 
oonoemlng flux compositions comprising exclusively sodium hydroxide and two 
device claims (claim 16 conoems a receptacle wHh collecting cavity and daim 
31 concerns a sealed container] does not allow third parties to know which of the 
technical features are essential for the Invention to be perfomried and which 
other are merely optional features. Therefore, the claimed subject-matter of 
claims 1 , 24 and 26 and that of claims 16 and 31 are In breach with the clarity 
requirements of Article 8 PCT. 

All the indepondent process, product and device claims should concem exactly 
the same technical features. Failure to meet that request the clarity of the 
claimed subiect-matter cannot be acknowledged (Article 6 PCT). 
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